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SOME PROPERTIES OF THE SWEAT DUCTS AS
OBSERVED IN DISEASE
I. THE CUTICLE*
J. P. O'BRIEN, M.D.t
The sweat ducts possess a homogeneous refractile inner lining usually referred
to as the cuticle. It is inconspicuous in tissue sections and shows only a moderate
avidity for acid dyes. No truly selective stain for it is known.
A special opportunity to study its properties is afforded by miliaria and
related states for, in these, the sweat duct is often ruptured and the cuticle
thereby isolated and thrown into relief (1). Using miliarial material, this paper
will produce evidence which demonstrates (1) that the cuticle is a definite ana-
tomic structure and (2) which suggests that the cuticle possesses considerable
strength and elasticity.
In cross sections of the sweat duct (Plates 1 and 2) the cuticle can be made
out as a thin tubular lining. Its internal border is sharply defined; its outer
border appears less distinct owing to the close attachment of surrounding epithe-
hal cells. Since the lumen is usually star-shaped, the cuticle is regarded as possess-
ing internal longitudinal ridges and furrows. The number of furrows or points
in the star varies from 3 to 5.
At its poral end the cuticle slightly overlaps the deepest portion of the keratin
ring of the pore, the cuticle being innermost (see Plate 2 of Reference 2). At its
deep end, it terminates where the secreting cells of the gland commence.
The structural identity of the cuticle is evident from Plates 3, 4, 5, 6 and 7.
In them, the isolated cuticle reproduces the coiled disposition so typical of the
sweat duct as a whole.
The elasticity of the cuticle may be suspected even from sections of normal
skin where it is common to see variations in its shape, some lumina being star-
shaped as usual, others being slightly dilated and round. These variations prob-
ably depend on changes in the secretory state and poral resistance of individual
sweat glands.
The elasticity and strength of the cuticle are still more evident in disease and
especially in miliaria. No one plate (section) is adequate to demonstrate these
properties but, rather, one must consider several plates together.
Plate 8 is a transverse section of an abnormal sweat duct in post-miliarial
anhidrosis (ib) or, as it is better called, miliaria profunda (3); it shows the
cuticle more or less completely isolated and its lumen enlarged and smooth;
in other words this picture demonstrates dilatation of the lumen and an oblitera-
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tion of the luminal ridges and furrows. No frank rupture of the cuticle itself is
detectable and possibly none exists. However, in as much as the duct cells
surrounding the cuticle are detached and much distorted, transudation of sweat
was probably taking place at the time of biopsy even though the cuticle itself
appears unbroken.
Plate 9 shows a complete breach in the cellular component of a duct. Despite
this, and in contrast to Plate 8, the cuticle retains or has recovered its normal
stellate contour. Appearances such as these may be best explained by assuming
that the whole duct has been ruptured and that, thereafter, owing to the equali-
zation of pressure inside and outside the lumen, an elastic cuticle has resumed its
normal configuration. How else can one satisfactorily explain the relatively
normal (undistended) shape of the cuticle on the one hand and, on the other,
the apparently explosive dissociation of the surrounding ductal cells? One can
hardly postulate free permeability of an intact cuticle for present knowledge is
against such a postulate (see Plate 10).
Plate 11 is generally similar to Plate 9 in that it shows an undeformed cuticle
surrounded by distorted duct epithelial cells.
Plate 12 gives the same set of circumstances in longitudinal section; sweat is
probably escaping from the duct into the dermis in two places, one superficial
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PLATES 1—4
PLATE 1. (upper left) A normal sweat duet in cross section showing the usual appearance
of the cuticle. Its inner edge is star-shaped; its outer edge is closely applied to the epithclial
cells of the duct. See key to Plates. The section is from miliaria profunda which accounts for
the dermal edema and infiltration. Haematoxylin and Biebrich Scarlet. X 1000.
PLATE 2. (upper right) Another view of the cuticle of a normal sweat duct in cross section
through a deeper part of the dermis. The cuticle appears pale and its inner edge is sharply
defined. See key to Plates. The section is from miliaria profunda; there is much dermal in-
filtration. H. and ES. >< 1000.
PLATE 3. (lower left) Portion of coiled isolated cuticle is seen in the floor of an acute
miliarial vesicle. See key. Haematoxylin and Eosin. X 425.
PLATE 4. (lower right) By virtue of its isolation the identity of the cuticle is again dis-
played. From miliaria rubra. H. and E. >< 400.
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PLATES 5—6
PLATE 5. (left) A larger magnification of Plate 4. Most of the cuticle on the right and some
on the left is in sharp focus. A few flat nuclei and/or cells are associated with or contained
in the cuticle. X 1350.
PLATE 6. (right) Another section showing the isolation of the cuticle in miliaria profunda.
H. and E. x 360.
and one deep. The superficial rupture is at the point usually seen in miliaria
profunda (post-miliarial anhidrosis), that is, at the epidermo-dermal junction
(1). The deeper apparent rupture is exceptional both in position and nspect and
is the one of special interest in this discussion on the cuticle. The larger mag-
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nification shown in Plate 13 suggests that we are dealing here with a Sort of
dissecting "aneurism" of the duct wall and that there is probably a centrifugal
rupture of the innermost component of the "aneurism", that is the cuticle.
PLATE 7
PLATE 7. A larger magnification of portion of Plate 6 showing the cuticle. X 1350.
The events leading up to these appearances are thought to have been (1) Dilata-
tion of the duct lumen, (2) Rupture of the cuticle and subsequent free escape of
sweat, (3) Retraction of the torn cuticle.
Although apparent retraction of the cuticle prevents satisfactory observa-
t•1
PLATES 8—11
PLATE 8. (upper left) A disorganized sweat duet in miliaria profunda. The cuticle is
isolated and distended. See key. A nucleus or cell is seen at A; in the original this nucleus
does not abut on the lumen as it appears to do in the photograph. H. and B.S. X 900.
PLATE 9. (upper right) A disorganized sweat duct in miliaria profunda. See key. The
cuticle seems more or less normal in shape although the cellular part of the duct wall is
obviously discontinuous at one point (see text). H. and B.S. X 900.
PLATE 10. (lower left) A greatly distended sweat duct from skin affected by miliaria pro-
funda. The duct wall appears intact and there is no definite evidence of local extravasation.
The appearances illustrate the suggestion that extravasation is limited where the sweat
duct is intact. H. and E. )< 240.
Heproduced from Trans. H. Soc. trop. Med. Hyg. (1951) 45, 140.
PLATE 11. (lower right) This plate resembles Plate 9 in that it is another example of a
disorganized sweat duct containing an undistorted cuticle. From miliaria profunda. H.
and B.S. )< 900.
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PLATES 12—13
PLATE 12. (left) A sweat duet in miliaria profunda. The superficial rupture is in the usual
position at A. The deeper rupture at B is shown again in Plate 13. x 300.
PLATE 13. (right) The cuticle, associated with or containing a few nuclei (or cells), has
been separated from the rest of the duct wall (an occasional droplet of water is present in
the mounting medium). H. and B.S. X 700.
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tion, I suggest that a breach in the continuity of the cuticle often exists in ducts
such as that shown in Plate 13. The rupture is possibly short and slit-like and
situated along the line of a luminal furrow.
DISCUSSION
From observations described in this paper it appears that the coherent strength
of the cuticle is greater than that of the surrounding duct epithelial cells. Of
the components of the duct wall, the cuticle seems to be the most effective in
resisting distension and rupture such as tend to occur when the duct outlet is
blocked. This point is relevant in so far as the secretion pressure of sweat is
thought to reach high levels (4). It is also probable that in its normal state the
cuticle is relatively impervious to fluid; for, as Plate 10 indicates, enormous
dilatation of the sweat duct may occur without significant evidence of transuda-
tion.
The apparent strength and elasticity of the cuticle probably help to explain
certain other properties which have been noted in the sweat duct; I refer to the
site of election for rupture and to the fact that rupture is often difficult to iden-
tify in sections.
1. The Site of Election for Rupture of the Sweat Duct
In poral closure the sweat pores are blocked and the sweat ducts rupture as a
result of secretion pressure (1, 2). It seems to be generally true that this rupture
takes place as close to the duct outlet as other circumstances allow. Thus, when
obstruction is at the very mouth of the pore the extravasation takes place into
the corneal layer, the result being a crystalline (sudaminal) vesiele. Where ob-
struction extends to a deeper level arid involves most of the keratin ring of the
pore, rupture occurs where the ring and the cuticle meet and overlap. Thus in
acute miliaria rubra the rupture occurs just under the closed ring (Plates 5 and
6 of Reference ib). In miliaria profunda the same is true except that in this
case the keratin is excessive in amount and it meets the cuticle at a much deeper
level within the skin (Plates 16 and 17 of Reference lb and the more super-
ficial rupture shown in Plate 12 of this paper).
It thus appears that, except for crystallina in which special conditions may
apply,* most ruptures of the sweat duct take place at the junction of the kera-
tin-lined and the cuticle-lined portions of the sweat duct. In other words, this is
the weakest point in the duct system.
In my experience Plate 13 is quite exceptional in that it shows possible duct
rupture at a level deeper than the kerato-cuticular junction. It is presented in
this paper for the light it sheds on the properties of the cuticle.
2. The Difficulty of Demonstrating Duct Rupture in Sections
An elastic property in the cuticle would help greatly to explain why the oppor-
tunity to demonstrate an indubitable rupture of the sweat duct is not often
* Some suggestions as to the pathogenesis of crystallina have been made in another
place (5).
f In addition to the cuticle, the connective tissues of the dermis may also help to support
the dermal portion of the duct.
PROPERTIES OF SWEAT DUCTS 481
afforded by a Single Section; for retraction of the cuticle often seems to obscure
rupture after it has occurred. The effects of the ensuing extravasation are then
observed rather than the rupture itself. Nevertheless direct histologic evidence
in support of rupture in miliaria is obtainable from serial sections (1). Moreover,
very recently Shelley (3a) has made a new experimental approach to the prob-
lem and has confirmed the occurrence of rupture beyond reasonable doubt.
THE COMPOSITION OF THE CUTICLE
The cuticle is generally considered to be either a non-cellular membrane or
else merely a specialized part of the innermost lining cells. A third possibility,
that it represents an individual layer of flat specialized cells, is suggested by
some of my material, for example by Plates 5, 8 and 13. The composition and
general histochemistry of the cuticle are currently being investigated.
5UMMARY
1. The cuticle of the sweat duct is a definite anatomic structure.
2. It appears to be both strong and elastic. Relative impermeability to fluid
is also likely.
3. Strength in the cuticle helps to explain why frank rupture of the sweat duct
does not often occur in the cuticle-lined portions of the duct. The site of election
for such rupture is at the point where the cuticle-lined and keratin-lined portions
of the duct adjoin.
4. Evidence for the occurrence of rupture in still deeper portions of the sweat
duct is not often encountered. Even in the few cases where it is suspected, the
apparent elastic recoil of the cuticle makes demonstration of it difficult.
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